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}") US NRC ISR Regulation of Groundwater
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NRC Objective: Protect the public health, safety and the environment

For groundwater , NRC regulates source and 11e(2) byproduct fluids at ISRs to
ensure the licensee:

Characterizes, Sites and Designs ISR wellfields to ensure conditions are
adequate to contain source and byproduct fluids within the wellfield to
prevent contamination of surrounding groundwater.

Operates ISR wellfields so that all source and byproduct fluids are contained
within the wellfield and do not contaminate surrounding groundwater

Monitors ISR wellfields so that any groundwater contamination outside
wellfield from source and byproduct fluids is detected and corrected.

Restores ISR wellfields to approved groundwater protection standards
(GWPS) and to ensure no future contamination of surrounding groundwater
by source and byproduct fluids.

Treats and/or disposes of all waste source and byproduct fluids to ensure
there is no contamination of groundwater in and surrounding the license
area.




ISR Application and Licensing Actions:

f’) US NRC Hydrogeology Lessons Learned
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*Site Characterization
*Geology
*Existing Private Wells and CBM)/oil/gas/injection wells
*Aquifers /Aquitards
*Aquifer Tests
*Pre-op Water Quality
*Operations
*Thin or discontinuous aquitards
eInward gradient (unconfined or confined aquifer)
*Extraction rate limitations (unconfined or confined aquifer)
*Monitoring well locations and excursion detection and correction
*Free gas evolution / two phase flow / “gas lock”
*Wellfield Hydrologic Test Data Packages
*Analytical and Numerical Modeling
*Restoration
*Baseline Water Quality/Restoration Standards
*Pore Volumes/Flare
*Wellfield sweep in unconfined aquifer
*Waste water disposal capacity
eLong term excursion restoration
«Stability Monitoring Trend Analysis
*Emerging Issues
Consumptive water use
Interaction with nearby ISR operations
*New lixiviants
*ACLs
*Geochemical Modeling
*Natural attenuation




US NRC Geology

I FEATES WIMIEAR KEGTLATORY UTGSMES

’) Lessons Learned: Site Characterization
f memrwm

 Cross Sections (CSX)
Provide ground surface and features (drainages)
Label water levels of ore zone and other aquifers including surficial
aquifer
ldentify marker beds such coal seams/ ore deposits/CBM zones
Show continuity of layers
Provide CSX through well fields and features of concern

Address structural features: faults, outcrops, etc.

 |sopachs
— Provide thickness of layers and continuity across license area

— lIdentify thin spots, pinch outs, absence of layers

 Lithology
Provide description of lithology of license area formations

Correlate lithology between wireline logs, drillers logs, any
continuous cores to justify layer picks and description

Use distinctive marker beds to justify layer picks: coals, clays,
oxidized zones




US NRC Less_ons Learned: Sitle Characterizqtion

T AR KT Com Provide Comprehensive Cross Sections

Progectiseg Prople aud the Bavizowsment
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Show variation in
thickness of
layers using
boring/well picks

Show
discontinuity of
layers ( case- 2
underlying
aquifers)

Lessons Learned: Site Characterization
Provide Comprehensive Isopachs




Lessons Learned: Site Characterization
< USNNB,,(.:‘ Provide Lithology from drillers logs on Well
Completion Reports

Protecting Prople awd the Frxirconmet
http://seo.state.wy.us/wrdb/
U WD 50785 amene

Yives NN 2680

10, PUMP TEST; Waa & pump teat madeT Yea [J No B REMARES

If a0, by whom . Addresa.

Provides Yt —_exkmin. i to ewwdown s oo

depths of

layers and e e ot v, . St i, ik of .

Yield: __ gulimin with _ fool drwwdown after__ haurs.

1. FLOWING WELL (Oweer la responsible for control of flowing well). Mot flowing.

descriptions m..u_.m..l... o s

Dopth of completed well__ 198 tout Dinsmeter of weil T2/ Zinchas.

Cuttlngs Depth to first water bearing formation ____ fest.

Depth to principal water bearing formatien Top— fest to Botbom___Jdost.

Enables - =z
correlation of
between wells T
. . 195 196 hltered yellow-red: v.s
and to wireline m—"i—“ H

Grousd Elevation, if known__ 5241.9'
|ayefS 201 120 hitores sley: seitiah: v.
i
end.(vellow-qray) s.s. |
logs.

QUALITY OF WATER INFORMATION:
Was u chemical analysis made? Yes @ No O
If so, please inclode a copy of the analysis with this form.
If not, do you consider the water as: Good [J Acceptable 0 Foor [0 Unessable O




c f) USNRC Lessons Learned: Site Characterization

At Describe Existing Private Wells

 Describe Existing Private Wells (within 3 miles of a wellfield)

Locate and describe all domestic, stock, industrial (waterflood),
miscellaneous, windmills

Provide available completion reports
Provide available water use permits

Provide map with locations of private wells (use completion report
well name)

Provide table with all well descriptors (Coordinates for well locations)

Report screen location and assess which aquifer(s) are screened ( use
wireline logs, drillers logs to match lithology)

Determine current ownership, use and rate
Determine water quality if possible

 Describe Existing CBM/Oil/Gas/Injection Disposal Wells
— Provide location, depth, screen, use, permits, target formations
— Provide table of wells and map with these well locations




Lessons Learned : Site Characterization
LT A= Provide Well Permit Reports for Existing Private
Frodecting Propla aud e Bamtomment Wells http://seo.state.wy.us/wrdb

MIcTe, d 2 4772

l NOTE: Do not fold this form. Use type- ]
poin

riter or ball

"STATE OF WYOMING . SCANNED SEP 29 2006

- .. OFFICE OF THE STATE ENGINEER

APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER
Temporary Filing No. Uw.____ & ~ & ~/F
1 [s
EXp eCted PERMIT NO. U.w__‘gzg'i} NAME AND NUMBER OF WELL

WATER DIVISION NO, 2 DISTRICT 1 UM 1575 2-33-42-75
well use- camphei1

U.W. DISTRICT- do
**SEE CURRENT ENDORSSMENT**
i il

monltorlng - o ieant(=) = el = = Phone: _234-7311

Address of applizent(s) > Zip TEEOE
d O I I l eS tl C y Name & address of agent to receive corresyc=dance and notices M. Bugene A. Luckemeyer, Continental 0il

Company, Uranium Exploration, 200 North Wolcot., Tasper, Wyoming 82601

etC . Use to which the water will be applied: Irrigation [0 Munici [ & ial {1 Commercic! & Domestic [
Stock Watering [0 Other.

Location of the well: € bell < %4 SE % of Sec.. 33 . T 42 N, R_75 W, or
Lot Bloa'k‘of the. ion (or Add'n) of.
Se N. R W., of the 6th P.M. (or W.R.M.), Wyoming.

Estimated depth of the well is___ 420" feet.

EX p eCted MAXIMUM guantity of watar = Lo Gevelopes and bene:ﬂei-lly used: ___2Q gallons per minute.

Note: T# == J.nestic or stock use, this for a of 25 gallons per minute.

well depth JEEsrpots
O Land will be irrigated from this well only.
[ Land is irrigated from existing water right(s) to be supplemented by this well. Describe existing water right(s) under

and rate S

If for irrigation use, describe MAXIMUM acreage to be irrigated.
Show number of acres to be irrigated in each 40-acre subdivision.

Y NEn NWig

NEW | Nws | Swile Nwa | SWe

\
. !
| | 1

REMARKs: Will use in temporary trailer camp and to £ill existing reservoir for use in
Granium exploration drilling. Plan to drill approximately 460', set casing, gravel pack
and perforate a 70 foot water sand between 350° and 420'. Maximum anticipated work day use
about 20,000 iallcns per day. Duration of use not known at this time but will be for as
long as drilling operations continue. Pump capacity in sSystem will be approximately

16-20 gallons per minute.

5] 143

Page No:




Lessons Learned : Site Characterization
Provide Well Completion Reports for Existing
Private Wells
http://seo.state.wy.us/wrdb

Protecting Prople awd the Frxirconmet

USAF F-ro- 72
J—t

wicRo JUN 1€°89
VPN 15772
BCANMED SEP 20 7006

Form U.W. 6 NOTE: Do not fold this form. Use type-
wri h:ler or print black
inle.

neatly with

IF WELL IS TO BE
ABANDONED, SE STATE OF WYOMING
ITEM 15, PAGE 4 OFFICE OF THE STATE ENGINEER
STATEMENT OF COMPLETION AND DESCRIPTION OF WELL
(For wells used only for stock or domestic purposes, use Form U.W. 7)

Completed _ _
PERMIT NO. U'W.____ 12299 NAME OF WELL UM 1575 2-33-42-75 Ap p I I Can t/ I |Cen See

WeII .typ.e_ **SHE CURRENT ENDORSEMENT ON PERMIT* h |d "
monitoring, e o SRR . - should:

2. ADDRESS -26% o = _ Zip Code 83663
d om estl C 0 3. USE OF WATER: Domestic (1 Stock Watering [J Irrigation (] Municipal [ Industrisi 5 Tommercial @

. Verify well

et C 4. LOCATION OF WELL: W 3 5F 4 of gection 33, . 42 N, R_T5 W., of the 6th P.M. (or W.R.M.),

Wyoming, bein d t d
i THearing wnd Ditancss exiIsts an
or 3370 rr. BOEK apg 2500 4 BEE from the NE  commer of Section32 . T %2 N, r_T5 _w.

pomp——. ey ownership

. TYPE OF CONSTRUCTION: Drilled & Rotar Dug [0 Driven [0 Jetted OJ
(Type of Rig)

Completed omer . Verify well use

. CONSTRUCTION: Total Dept.h_L}l*LQ__ft\_ Depth to Water Level __ _Eo_—ft.
well depth, o, Casisg Sehmiale New 01 Used @ and rate

5.1/2" diameter from__ Ot to_ 440 e Material____Steel

casing and S o 5 e . Verify aquifer(s)
screen T~ o e . Test water

b. Perforations: Type of used Perforated Before Purchase

description Stee ot pertorstions LS snches by 3 —inches quality if

Number of perforations and depths where perforated:

520 i from T ft. to_ LU0 feet. pOSS|b|e

from. ft. to____ feet.

c. Was well screen installed? Yes [0 No @

Di : slot size: set from. feet t: feet

Di : slot size: set from__ feet to_______ feet.

: l I I p I eted d. Was well gravel packed? Yes B8 No [J Size of gravel_.L1/4" gravel
Wel I rate e. Was surface casing used Yes [1 No & Was it cemented in place? Yes [0 No [J

. NAME & ADDRESS OF DRILLER__A.O.K. Drilling Company, Casper, Wyoming
an d p u m p @  DATE OF COMPLETION OF WELL (i ing pump installation) _December 20, 1071
. . . PUMP INFORM * 7FON: Manufacturer_ REDA Type Submergible
INn Stal I atl on Source of power—Electric Powerlin Tsep HE Depth of Pump Setting_ 336 ft.
Amount of Water Being Pumped << 10 gal/min __ Gallons Per Minute.

Permit No. Uw.___ 12299 Book N 66 Page No.

143




f’) US NRC Lessons Learned: Site Characterization

e e Surface Water

Describe all drainages - estimate peak flood values and velocity at
recurrence intervals, outline flood prone regions

Describe surface water reservoirs, ponds, etc.

Provide information on CBM discharges and impoundments-
construction, location, permits, dates of operation, cumulative discharge,
any agreements with CBM operators, future CBM operations

Get surface water samples if possible to determine seasonal water
guality or impacts from CBM discharge, etc.




Lessons Learned: Site Characterization
US NRC Describe Surface Water Drainages, Reservoirs,
N o CBM impoundments, flood zones




f’) US NRC Lessons Learned: Site Characterization

i O oy — Surficial Aquifer

Indicate which formations act as surficial aquifer
Show recharge /discharge areas

Provide depth to groundwater contours
Evaluate connection to surface water

Provide info on private wells- location/rates/use
Show location of CBM infiltration impoundments

Determine groundwater flow magnitude and direction




Lessons Learned : Site Characterization
u§ﬂﬁg Identify which formation(s) act as surficial

Frosectig People aud the Rsiriament aquifer

Discharge Alluvium

Point
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Lessons Learned: Site Characterization
f US NRC Provide contours of depth to water in
" Protecting People and the Knsiomment “ surf|C|aI aqwfer(s)
Example: Three

formation(s) act as surficial _
aquifer (P
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(A Lessons Learned: Site Characterization
W, of US NRC Ore Zone, Overlying and Underlying Aquifer
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US NRC Describe Ore Zone and

T FPSTES WINLEAR KEGULATORY DURSAMESHNN

’) Lessons Learned: Site Characterization
? Pt gl eudhe ot Overlying/Underlying Aquifers

Identify which formations act as overlying and underlying aquifers
Identify aquitard(s) which are overlying and underlying to ore zone.

Describe locations where aquitards are leaky, thin or
discontinuous. Provide vertical gradients across aquitards.

Provide maps of water levels/potentiometric surface in overlying
and underlying aquifers ( use sufficient number of points to define
maps, don’t extrapolate)

Estimate ground water flow magnitude and direction in each
aquifer

Provide historical and present water level hydrographs- address
any water level anomalies




Lessons Learned: Site Characterization
US NRC Provide Cross Section with Overlying/Ore
Zone/Underlying Aquifers

TRITER STETES RITEAR KEGULATIONY DRI




US NRC Lessons Learned: Site Characterization

TRITER FESTES FALEAR REGTILATINEY UDGIMIESEN P r O V i d e A C C u r at e A q u i fe r
Proteetivg People sud the Fuivossment

Potentiometric Surface Maps
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') US NRC Lessons Learned: Site Characterization
f \ o e i o Describe and investigate water level
’ Protecting Prople awd the Frxirconmet

anomalies in wells

02/07/07 02/11/07 /15/07 02/19/07 02/23/07 02/27/07 03/03/07
5.185.5 - 25.0
o Gt Well continued

. PW-1 pumping period I with 25 ft 24.9
. decreasein
' water level till— 248
' August after
I pumping test
. stopped

- 24,7

BP [inches Hg]
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n
= -
S
]
=
=
2
"
> .
o
i

51775 ; f 24.0
02/07/07 2/11/07 02/15/07 02/19/07 02/23/07 D2/27/07 03/03/07

—MW-3 —BP




f’) US NRC Lessons Learned: Site Characterization

N Y-St Ore Zone Aquifer Tests

 Design
Use aquifer appropriate test- unconfined/confined
Use appropriate location, number of observation wells
Use appropriate rates, length of time
Use completion reports for wells, screen location
Use observations wells in overlying/underlying aquifers

Use appropriate pumping tests to assess overlying/underlying
aquifer if aquitards thin or discontinuous

 Analysis
» Use aquifer appropriate analysis (unconfined/confined/leaky, etc.)
* Perform analysis of boundaries, faults
 Perform analysis of leaky aquitards

 Use groundwater flow modeling to characterize flow behavior in
special conditions

 Variations ( for special circumstances)
» Step rate tests- limiting extraction rate in unconfined aquifers
* Five spot pattern tests- unconfined aquifers
» Line drive pattern tests- unconfined aquifers




Lessons Learned: Site Characterization

! USNRC Appropriate aquifer tests

TRITER FESTES FALEAR REGTILATINEY UDGIMIESEN

Prosection Posple aud he Fusévommment Drawdown in confined vs. unconfined aquifer

Underlying aqwtard Underlying aqwtard

Confined drawdown equation Unconfined drawdown equation

264 0.3Tt
_264Q, 03Tt 5= 2049 1542
T rZS T r S

y

S=coefficient of storage S= Sy= Specific Yield

s=drawdown (ft) Q=pumping rate (gpm) T =transmissivity (gpd/ft)

t=time (days) r=distance of observation from pumping well (ft)




T & RILEAR KEGYLATONDY DRSS
Mﬂn@ ?mrk gud the Fundrenmont

Site Characterization: Theoretical drawdown in
f US NRC confined vs. unconfined aquifer

Example: Well Q=20 gpm, T=200 gpd/ft, t =1 day, S=.0005
(confined), Sy=.05 (unconfined)

—
-
[
N—r
<
=
o
=)
=
s
()

—e— Confined

—#— Unconfined

150 200 250
Distance (ft)

Observation wells must be closer to pumping well in the unconfined aquifer to pick up
drawdown, underlying and overlying wells must also be close to pumping well




Site Characterization: Evaluate field aquifer
? { USNBNC tests, example drawdown in unconfined aquifer
Protectisg Poople sud the Fuvirowment

Example: Field aquifer test
In unconfined aquifer

I et 1 == T
321650 321700 321750 321800

@ Extraction Well
B Injection Well
@ Monitor Well-Production Zone




_ USNRC Lessons Learned : Site Characterization

e Provide appropriate aquifer tests for drawdown
near a fault

Progecting Peopla sud the Fasizreroment

Underlying aquitard

Underlying aquitard




f’) US NRC Site Characterization: T_heoretical

T\ o e i e drawdown near a sealing fault

Protecting Prople awd the Frxirconmet

Example: Q=20 gpm, T=200 gpd/ft, t=1 day at observation well
10 ft from real well and 90 ft from image well (r,=10 ft, r;=90ft)

264(20gpm) OB(ZOngd/ft)(lday) 264(200gpm) 0.3(200gpd / ft)(1day)

~ 200gpd / ft log (90 ft)?(.0005) 200gpd / ft log (10 ft)2(.0005)

Image well drawdown Real well drawdown

—s— water level with
fault

—e— water level without
fault

15
Time (days)




?') US NRC Site Characterization: Evaluate field aquifer tests

) e e EX@Mple drawdown in confined aquifer near a
partially sealing fault

TARO00FT MLH0FT

Large region of
drawdown in an
elliptical shape

HIMP-111

esponse in wells
across the fault = we “o'%

L ] HIMP-108

HIMP-103
® HIMP-105

P
Ll 07 HIMP-101

+ =)
HIMP-104
[ ]
0.7
HIMP-102
L HIT-102

0.6 ®
HIT-101

®
ng




US NRC Lessons Learned: Site Characterization
Provide Pre-op (Application) Groundwater

Quality

T FPSTES WINLEAR KEGULATORY DURSAMESHNN

WWH&&@FWM

Collect samples from all wells in all potentially impacted aquifers
across license area

Surficial Aquifer (s) - 4 quarters

Production Aquifer (s) - 4 quarters

Overlying Aquifers (s) - 4 quarters

Underlying Aquifer(s) — 4 quarters
Provide samples from private wells within 2 km of wellfield
Measure NUREG 1569 Table 2.7.3-1 parameters in each sample

Provide available historical water quality from wells (e.g., prior mine
application, prior ISR pilot operations)

Evaluate seasonal trends

Evaluate variations in water quality which could be a consequence of
historical CBM or other operations ( ISR pilots, oil/gas, etc)

Provide Piper and Stiff diagrams of water quality in all aquifers( very
helpful to visualize type of water)




f} USNRC

‘ PIITER FIATES NUTEAR KEGULATORY UTAIMEDEN
ﬁp,bft»g ?ﬁa}u&: gud the Fundrenmont

Example:

Stiff diagram to
visualize type of water
in wellfield aquifers
and CBM zone

Site Characterization: Describe pre-op water
qguality

Stiff Diagram

Cations meqg/l Anions

I |
Na+| 1
Ci&
Mg 504
Na+ |
ca‘
Mg 504
Na+K |
Mg S04
Na+K, |
‘chg3
Mg 504
Na+K.
Ca HCO3+CO3
Mg S04




US NRC Lessons Learned: ISR Operation

T FEATES FULEAR REGTILATINEY CDGIMESN
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Evaluate interaction with overlying and underlying aquifers when shales thin or
discontinuous or faults present

Demonstrate ability to maintain inward gradient at all times
— Consider aquifer conditions: unconfined vs. confined

— Consider patterns: five spot vs. line drive

Determine any extraction rate limitations ( unconfined/ confined to unconfined)

Demonstrate ability to detect and correct excursions in all settings

Describe how to detect and correct for free gas evolution / two phase flow in
aquifer leading to gas lock and problems with wellfield infrastructure (pipes, pumps,
flow and pressure gauges).

Supporting lines of evidence for conclusions
— Field tests
— Analytical/ Numerical groundwater modeling




Lessons Learned: ISR operation

| USNRC Evaluate interaction of ore zone with

P — underlying or overlying aquifers across thin or
discontinuous confining layers

Extraction Well

Overlying Aquitard

Underlying aquitard

B
< »

Pumping tests may show interaction with underlying aquifer, or little to no interaction if
substantial difference in hydrogeologic characteristics

Question to answer: Is confinement really present or should aquifers be combined as
one production zone?




' USNRC Lessons Learned: ISR operation

A — Evaluate interaction of ore zone with
offset underlying or overlying aquifers
across faults

Overlying Aquitard

Underlying aquitard

Underlying aquitard




__ ?’) US NRC Lessons L_earned: ISR_Operation

. Demonstrate inward gradient to prevent
ﬁmwmm i Faeaiwooesment

excursions

e S

Example

ISR
Wellfield Wellfield

\J

) ’\
NS—l / Ore Zone
500 Perimeter

S - 500 ft MWs

a\ 030 0 N
/80000 \
‘
'
o
g




ISR Operation : Inward gradient
C f US Mﬂli,g Confined vs. Unconfined Aquifer

Protecting Prople awd the Frxirconmet

Confined aquifer:

« Water to meet pumping rate is released by compression of sediments
and expansion of water so much larger volume of aquifer is impacted.

« Produces large “pressure cone of depression” which typically ensures
large inward gradient during operations to prevent fluid movement from
wellfield.

Unconfined aquifer:

« Water to meet pumping rate is released mainly by dewatering so much
smaller volume of aquifer is impacted.

Extraction wells produce smaller “dewatered cones of depression,” and
injection wells create ground water mounds.

 This flow pattern with bleed may not create inward gradient necessary to
prevent fluid movement from wellfield.




' US NRC ISR Qperation: Inward Gradient

e — Unconfined aquifer creates localized
dewatering and mounding

Profecting People aud the Fuadiroonment

Extraction Well Injection Well

Underlying aquitard




Protecting Prople aud the Frxircoomet

Example:

ISR Wellfield with
pattern in

unconfined aquifer-

injection wells

upgradient (east side)

Issue: Outward
gradients are developed
from mounding near
injection wells on
upgradient side after
one year of proposed
production operations




Lessons Learned : ISR Operation

' USNRC Evaluate dewatering in unconfined aquifer

TRITER FESTES FALEAR REGTILATINEY UDGIMIESEN

Profecting People aud the Fuadiroonment

Unconfined aquifer:
Dewaters near well if rates
exceed some limit

Underlying aquitard

Flow

Confined aquifer :
Should not dewater unless
piezometric surface drops

below overlying aquitard Overlying Aqunard

Underlying aqunard




}”) US NRC ISR Operation: Why is dewatering in

e an aquifer a safety issue?

Dewatering of aquifer can limit extraction rates which can impact hydraulic
control of wellfields and timelines for production and restoration.

Dewatering can damage pumps, so hydraulic control of wellfield gradients
may be compromised.

Dewatering and limited extent of cone of depression may make it more difficult
to prevent and capture excursions.

Dewatering creates low hydrostatic head which affects dissolved oxygen
solubility in ore zone and impact conductivity- “gas lock”.

Free gas in the wellfield infrastructure can cause damage to pumps and
piping. Pressure and flow gauges are not designed for two phase ( gas and
water ) flow.




:) US NRC Lessons Learned : ISR Operation
? T\ o i s o Demonstrate ability to detect and correct
\'\} Progeeting People sud the Fuxivosment

excursions in all settings

Excursion

Perimeter
Monitoring Ring
Well on Excursion




‘A Lessons Learned : ISR Operation
# g§u§g Unconfined aquifers- Demonstrate how

B to detect and correct an excursion
without dewatering

Excursion capture well Perimeter Ring
I Monitoring Well

Underlying aquitard
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Lessons Learned: ISR Operation
. QSMENB“Q “Gas Lock” Impact on Conductivity in Aquifer
Profecting Prople eud the Frvirmenent

Relative Permeabiity

How much is the conductivity reduced?

Relative Permeability
Carbon Dioxide and Brine
(Analog for Free Gas and Water)

| KrW:KW/Korig

20% gas
saturation __
In pores
reduces K,
by 70%

0.4 0.5 0.6

Water Saturation (percent)

From Benson et al, Lawrence Berkley National Lab, 2005



I FEATES WIMIEAR KEGTLATORY UTGSMES
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f’) US NRC ISR Operation: Free Gas and “Gas Lock”

Why is it a Safety Issue ?

Reductions in conductivity of ore zone can change flow system in an
unpredictable manner which can influence flow control and may lead to
excursions or bypassed zones.

If free gas is released at the injection well, it can reduce injectivity and
create back pressure which can quickly damage well if not detected.

Gas produced at production well can cause simultaneous gas and water
two phase flow that can damage piping, cause cavitation in pumps and
affect pressure/flow measurements.




US NRC Lessons Learned: ISR Operation
Describe potential for free gas evolution,

gas lock and actions to detect and correct

T FPSTES WINLEAR KEGULATORY DURSAMESHNN
?rinp&’ gud the Favivosnment

Assess solubility limits of dissolved oxygen in lixiviant and use oxygen
concentrations which prevent gas from being released from solution at
injection wells or ore zone

Avoid use of hydrogen peroxide in low hydrostatic head aquifers with pyrites
Watch for gas in injected and produced water at extraction wells

Watch for two phase flow in wellfield infrastructure (pumps, flow /pressure
gauges)

Install pressure gauges on each well to detect pressure changes in wells and
pipes directly

If gas evolution an issue, cycle wells from injection/extraction to change
water levels (pressure)




Lessons Learned: ISR Operation
US NRC Demonstrate prevention and control free gas

REGILA TR RSB

Lo — evolution in aquifer

Predict Oxygen Solubility and Design to Prevent Free
Gas

Rule of thumb:
1 ppm dissolved oxygen/ foot of head

EXAMPLE: Injection Well

e Fracture gradient limitation 1 psi/ft, so max injection
pressure is 300 psi.

Max well head pressure is therefore 300 psi- (300
ft*.433 psi/ft)=170psi.

170 psi=392 feet so max O, can be 392 ppm at well
head.

oIf inject 392 ppm and solubility is 100 ppm (100ft): 292
ppm will come out of solution into ore zone aquifer




Lessons Learned: ISR Operation

f’) US NRC Hydrogen peroxide produces free gas

B REGUILATENRY {TRIIEDE

Prtecto P e h st phase in lixiviant if pyrite present

Hydrogen peroxide decomposes to form free oxygen, O,, Iin the presence of
pyrite, Fe S.:

FeS, +7.5H,0, = Fe*" +250;  +H* +7H,0

Fe* +0.5H,0, =Fe** +H* +0.50, T
e

Free Phase Oxygen

Chirita, P., “ A kinetic study of hydrogen peroxide decomposition in presence of
pyrite,” Chemical and Biochemical Engr Quarterly, Vol. 21, No. 3, pp. 257-264, 2007




Lessons Learned: ISR Operation

' US NRC Demonstrate detection and correction of

STETEAR REGULATONRY UUGIRIESEN

Prtectin Poegde ud h oot an excursion with thin or discontinuous
aquitards

Extraction Well




Lessons Learned: ISR Operation

' USNRC Demonstrate detection and correction of

TRITER FESTES FALEAR REGTILATINEY UDGIMIESEN

Protecting Ponpl and the Fonieonsment excursions near faults

Overlying Aquitard

Underlying aquitard

Underlying aquitard |&

Excursion




US NRC Lessons Learned: ISR Operation

A KT o Provide Wellfield Hydrologic Test
Data packages

WWH&&@FWM

Provide supporting evidence for conclusions about hydrogeologic
behavior of wellfield during operations

Provide field tests- unconfined/confined, establish parameters,
limiting extraction rate, etc

Justify selection of MW locations
Demonstrate inward gradient based on aquifer tests in wellfield

Demonstrate lack of interaction with overlying and underlying
aquifers through aquitards, across faults, etc

Demonstrate connection with monitoring well ring from aquifer tests
in wellfield




Lessons Learned: ISR Operation
') US NRC Provide Analytical or Numerical
? \ e ' Groundwater Flow Modeling

f % UIER SIATES MIMLEAR KEGULCTORY CURIMEDRN

Protecting Prople awd the Frxirconmet

Modeling provides
supporting technical
evidence for safety review
conclusions:

<" Wellffield One ®

Example: Simulation of
pumping tests to show
hydraulic connection of ore
zone to MW ring

Confined aquifer :

Larger piezometric surface
drawdown reaches more
wells on ring

Unconfined aquifer:

Small cones of dewater
drawdown reach a few wells
on MW ring




US NRC Lessons Learned: ISR Restoration

1» FPSTES NUNLEAR KEGULATHNIY CXAIAENRSNG

WWH&M#’WM

Provide average baseline water quality and restoration standards

Provide appropriate pore volume/flare estimate in unconfined
aquifer

Address sweep of restoration fluids in an unconfined aquifer

Estimate waste disposal capacity and contingency plan( e.g.
Injection wells, evaporation ponds, surge tanks, land application)

Address long term excursions and their restoration

Describe stability , long term monitoring and trend analysis




C f) US NRC Lessons Learned: ISR Restoration

T AR RS Determine Baseline Groundwater Quality
mwmmnv

 Provide samples from wells in all aquifers within wellfield

Surficial Aquifer (s) - 4 samples/well , 2 weeks apart

Production Aquifer (s) - 4 samples/well , 2 weeks apart
Monitoring Ring Wells- 4 samples/well , 2 weeks apart
Overlying Aquifers (s) - 4 samples/well , 2 weeks apart
Underlying Aquifer(s) -4 samples/well , 2 weeks apart

e Measure NUREG- 1569 Table 2.7.3-1 parameters in each sample,
unless non-detect in first two samples

 Apply wellfield average or well by well to establish baseline or offer
other methods to establish baseline (EPA’s ProUCL 4.0
(http://www.epa.gov/esd/tsc/software.htm))

Apply appropriate statistics: Outlier analysis, zones of water quality
(EPA-530-R-09-007, " Statistical Analysis of Groundwater Monitoring
Data at RCRA Facilities: Unified Guidance,” March 2009.)




?') US NRC Lessons Learngd: ISR Restoration

AT e Restoration Standards

Wﬁnﬂﬁﬂl“wﬂ

The NRC has notified licensees and applicants in Regulatory Information Summary,
RIS 09-05, dated April 29, 2009 that the restoration standards listed in NUREG-1569,
Section 6.1.3(4) are not consistent with those listed in 10 CFR Part 40, Appendix A
and licensees and applicants and licensees must commit to achieve the restoration
standards in Criterion 5B (5).

These standards state the concentration of a hazardous constituent at the point of
compliance must not exceed :

(a) the Commission approved background concentration of that constituent in
ground water;

(b) the respective value in the table in paragraph 5C if the constituent is listed in
the table and if the background level of the constituent is below the value listed
or;

(c) an alternative concentration limit established by the Commission.




f’) US NRC ISR Restoration: ACLs

I FEATES SULEAR KEGULATORY (DRSNS
wwl&ﬂi"wﬂ

ACLs may be approved using the criteria in 10 CFR Part 40, Appendix A Criterion
5B (6).

An ACL is not a primary restoration goal and will only be considered after a
licensee has demonstrated that primary restoration goals are not practically
achievable at a specific site. ACLs that present no significant hazard may be
proposed by the licensees for Commission consideration.

The Commission may establish a site specific ACL for a hazardous constituent as
provided in 5B(5) if it finds that the proposed limit is as low as reasonably
achievable, after considering practicable corrective actions and that the
constituent will not pose a substantial present or potential hazard to human health
or the environment as long as the ACL is not exceeded.

ACL application review procedures are available in the following documents:,
NUREG-1620 and NUREG-1724. They will be added in the revision to NUREG-1569.




ISR Restoration: ACL application example

},) USNRC format

W BLATES WUNLER KEULATME (Smepot (Patterned after NUREG1620 , Appendix K, Table K-1)

Protecting Prople awd the Frxirconmet

1. General Information
a. Facility Description
b. Current Ground Water Protection Standards
c. Proposed ACLs

Hazard Assessment

a. Constituents of Concern
b. COC Characterization
c. Health and Environmental Risks of Constituents

Exposure Assessment

a. Transport and Pathway Assessment
b. Human Exposure Potential

c. Environmental Exposure Potential

d. Consequences of Exposure

Restoration Assessment
Previous and Current Restoration Actions
Potential Restoration Actions
Feasibility of Restoration Actions
Costs/Benefits of Restoration Actions
ALARA demonstration

Alternative Concentration Limit(s)
a. Proposed ACLs
b. Proposed Implementation of Ground Water Monitoring Measures




‘A Lessons Learned: ISR Restoration
_ g@ﬁﬁg Estimate Pore Volume/Flare in

Protemsig Fosgila end the Knmdromment Unconfined Aquifer

PV=Area * Average Completed Thickness * Porosity * Flare

Extraction Well Injection Well

Underlying aquitard




‘A Lessons Learned: ISR Restoration
- g@ﬁﬁg Estimate Pore Volume/Flare in
Froiectin Pople e Bestrmmment Unconfined Aquifer
Injection/Extraction in Unconfined Aquifer :
Vertical flow contacts more than completed thickness

PV= Area * Saturated thickness * Porosity * Flare (vertical/horizontal)

Injection Well

Extraction Well

Underlying aquitard




Lessons Learned: ISR Restoration

US NRC Unconfined aquifer mounding/dewatering
() I e Impacts sweep/contact of ore zone with

restoration fluids.

Net Rise in Water Level
at Injection Well

~

e \
Unconfined aquifers __ \ /

simulated mounding and ¥ T

. . “~-._Net Drawdown in Water Leve
dewatering from a five spot - -~ at Extraction Well

pattern &




‘A Lessons Learned: ISR Restoration
LJ@H&Q Demonstrate sweep of restoration

Prosectie People wed the Rusiosoment fluids in an unconfined aquifer

Possible Solution: Flip/pulse wells to ensure contact of all portions
of aquifer with restoration fluids.

Injection Well Extraction Well Extraction Well Injection Well

Underlying aquitard Underlying aquitard




?') US NRC Lessons Le_arned: ISR Restoration_

A T e Address restoration of long term excursions (
ﬁm%&’ﬁnﬂﬁwﬁ‘wﬂ
>60 days)

Overlying ® Ore Zone Restoration
Aquifer MWs Complian

Underlying @
Aquifer MWs

Wellfield
®n

@ ®

Ore Zone
Aquifer
Perimeter
Ring MWs




TUSNRC Lessons Learned: ISR Restoration

i Demonstrate Waste Water Disposal Capacity

Provide number and
locations of disposal wells
Class I, V Disposal Well
Provide information on
target formations

Provide justification for
estimates of each disposal
well’s capacity

Provide water balance
showing sufficient
capacities for operation and
restoration and
contingency plans

Underlying aquitard

Provide Disposal Waste
and ALARA analysis:
10CFR20.2002




TPUSNRC

Lessons Learned: ISR Restoration

S e Demonstrate Waste Water Disposal Capacity

l Evaporation pond

Surge tanks

Aquitard l

Aquitar

Provide water balance showing
pond capacity/land app adequate

Provide contingency capacity

Provide waste and ALARA
analysis

Land application guidance will be
added to NUREG-1569

Land Application

EERERRENNE

Aquitard




US NRC Les_s'ons Leqrngd: ISR Restorati_on

A KT o Stability monitoring trend analysis to
determine presence of Statististically
Significant Increasing trends (SSI)

Wﬁnﬂﬁﬂl“wﬂ

Recommend trend analysis using linear regression analysis provided by EPA
in Chapter 17 of EPA-530-R-09-007, " Statistical Analysis of Groundwater
Monitoring Data at RCRA Facilities: Unified Guidance,” March 20009.

Trend analysis is a hypothesis test for the statistical identification of no
significant trend, a statistically significant decreasing trend (SSD), or a
statistically significant increasing trend (SSI) in the monitoring data.

Tests the slope coefficient, m, from the linear regression trend line through
the stability data, y=mx+b, using a specially constructed Student’s t-test, to
evaluate if trend is statistically different from zero.

Useful for mildly variable sample data for which the regression residuals are
normally distributed.

Linear Trend Analysis of NRC approved restorations: Reviewed and applied
analysis to three specific constituents: TDS, Uranium, and Radium 226 for
individual compliance wells in each mine unit approved by NRC.




ISR Restoration: Stability monitoring trend analysis

_ USNRC Field data from three ISR operations with NRC

) Y siviinismirii gyl approv ed restorations

Protecting Prople awd the Frxirconmet

Wells

@ Compllance
® Moritoring

M10A®

Waell Units
Unit
R
C_12
L 13
\ - {io@mag A -
Legend ' B
® compliance Wels 4 3
L ] Munilwiing Ring Wells

@ Injection Wells

©  Production Wells

_ Power Resources , Inc _ Irigaray MUs 1-9 ( MUs = 1-4.7 acres,
Smith Ranch —Highland Uranium Project PVs =4.5-13.3 mgal)

MUA (2.8 acres, PV=4.1 mgal)




') US NRC ISR Restoration: Stability monitoring trend analysis
f Field data from three ISR operations with NRC

approved restorations

B IMTERSTATES FISEAR KEGULATORY (TGIMESS00N
Protecting Prople aud the Fusdroxment

Legend
@ Monitoring Ring Wels
*  Production and Imjection Vels
2 Compliance Yiels
) 1 Acre Baseline Coverage

Crow Butte Resources
MU1 (MU=9.3 acres, PV=17.2 mgal)




ISR Restoration: Uranium, Radium and TDS Stability
USNHRC Trend Analysis for NRC Approved Restorations

Protecting Prople awd the Frxirconmet
Table 7. Crow Butte Resources MU1 Total Dissolved Solids Restoration Stability Data and Stability Trend Analysis

Students
Regression line m (slope) |s t,=m/s,(m) |t, (99%) |Conclusion
TDS=.059t+654 0.0590 . 1.8938 2.8960[no significant trend
TDS=.186t+1078 0.1860 . 10.2182 2.8960(SSI

TDS=.05t+1159 0.0500 . 3.5757 2.8960(SSI
TDS=.057t+1041 0.0570 . 3.9346 2.8960(SSI
TDS=.032t+1042 0.0320 . 1.1351 2.8960[no significant trend
TDS=-.029t+1081 -0.0290 . -2.1573 2.8960|no significanttrend

Table 8. Crow Butte Resources MU1 Uranium Restoration Stability Data and Stability Trend Analysis

Regression Students
line m (slope) ty=m/se(m) | tep (99%) |Conclusion
Ur=-.0001t+.549 -0.0001 . -0.3379 2.8960|no significanttrend
Ur=.0004t+1.29 0.0004 . 0.7806 2.8960|no significant trend
Ur=.00008t+1.73 0.0001 . 0.1974 2.8960|no significant trend
Ur=.0007t+.935 0.0007 . 2.5829 2.8960|no significanttrend
Ur=.0015t+.543 0.0015 . 7.8645 2.8960(SSI

Ur=.0006t+1.03 0.0006 . 2.9919 2.8960|SSI

Table 9. Crow Butte Resources MU1 Radium 226 Restoration Stability Data and Stability Trend Analysis

Students
CBR MU1 Regression line |m (slope) th=m/se(m) tep (99%) [Conclusion

RA 226 (pCi/l) - Ra=-.0063t+26.3 -0.0063 . -04547 2.8960|no significant trend
RA 226 (pCi/l) - Ra=.0664t+712.8 0.0664 . 04104 2.8960|no significant trend
RA 226 (pCi/l) - Ra=.049t+192 0.0493 . 1.8834 2.8960[no significant trend
RA 226 (pCi/l) - Ra=-.0125t+230.5 -0.0125 . -0.7331 2.8960[no significant trend
RA 226 (pCi/l) - Ra=-.0051t+193 -0.0051 . -0.2653 2.8960[no significant trend
RA 226 (pCi/l) - Ra=-.035t+46.6 -0.0346 . -1.1635 2.8960([no significant trend




ISR Restoration: Uranium, Radium and TDS Stability
Trend Analysis for NRC Approved Restorations

Table 10. Smith Ranch Highlands Uranium Project MUA Total Dissolved Solids (TDS) Restoration Stability Data and Stability Trend
Analysis

Students
SRHUP MUA Regression line m (slope) tb=m/se(m) | tep (99%) |[Conclusion

insufficent data
insufficent data
insufficent data
TDS=.0134t+454 no significant trend

insufficent data

Table 11. Smith Ranch Highlands Uranium Project MUA Uranium Restoration Stability Data and Stability Trend Analysis

Regression Students
SRHUP MUA line m (slope) th=m/Se(m) | tep (99%) |Conclusion
Ur(mgl/l) insufficient data
Ur(mg/l) insufficient data
Ur(mgl/l) insufficient data
Ur(mgl/l) . . . . . . . . Ur=.0014t+8.79 0.0014 SSI

Ur(mg/l) . insufficient data

Table 12. Smith Ranch Highlands Uranium Project MUA Radium 226 Restoration Stability Data and Stability Trend Analysis

Students
SRHUP MUA Regression line t,=m/s.(m) ty, (99%) |Conclusion

RA 226 (pCi/l) insufficient data
RA 226 (pCi/l) insufficient data
RA 226 (pCi/l) insufficient data
RA 226 (pCi/l) Ra=-.074t+3342 no significant trend
RA 226 (pCi/l) insufficient data




US NRC ISR Restoration: Short Term Stability Monitoring

TEITER FPATES FILEAR REGTILATINY DRI Essm Tr e n d A n al y S i S

Protecting Prople awd the Frxirconmet

GW Sweep GW Treatment GW Stability Monitoring

Total PVs treated

Max=1054 m g/l

—

l_Min=308 mag/l

0 No SSI

Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01 Jan-02
Date

——Ore Zone MW LI-51 —®&—Ore Zone MW LP-13 —jlF— Ore Zone MW LP-22
— = Baseline Max (RTV) == =—— Baseline Min (RTV)




US NRC ISR Restoration: Stability and Long Term
f \ o e AT et Monitoring Trend Analysis
’ Protecting Prople aud the Fusdroxment

GWSweepand Treament GW Stability Monitoring Confirmatory GW Stability Monitoring

i

'Total PVs treated=9.95 (171mgal)

3500 -
3000 -

Trends: 3 SSI, 2 NS,
1 SSD
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——0Oe Zone MWPR15 —B— Oe Zone MWIJ-13 —&— Ore Zone MWPR-8 —=—0Ore Zone MW1J-25
—l— Oe Zone MWIJ-28 —@— Ore Zone MWIJ-45 — — Baseline (RTV)




US NRC ISR Restoration: Stability and Long Term
g N Monitoring Trend Analysis
: Protectisng People sud the Fansivasment

GW Sweep and Treatment GW Stability Monitoring Confirmatory GW Stability Monitoring

Total PVs treated=9.95 (171 mgal)
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Trends: 3 SSI and 3 NS

Baseline =.092 mg/l

0 L - - - - : - ‘ ‘ ‘
Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01 Jan-02 Jan-03

Date

—e— Ore Zone MW PR-15 —8—Ore Zone MW 1J-13 —&A— Ore Zone MW PR-8 —Jli}—Ore Zone MW 1J-25
——Ore Zone MW 1J-28 —e—Ore Zone MW 1J-45 —jl—Baseline (RTV)




SUSINRC 'SR Restoration: Stability and Long Term

i "‘ TRITER FESTES FALEAR REGTILATINEY UDGIMIESEN MO n Ito rl n g Tren d A n aI yS I S

Protecting Prople awd the Frxirconmet

GW Sweep and Treatment GW Stability Monitoring Confirmatory GW Stability Monitoring

Total PVs treated=9.95 (171mgal)

[EEN

SN

o

o
I

Trends: 1 SSl and 5 NS

5
2
©
~
o~
S
=
=
(4]
o
—
>
=
o
o
O

Baseline =230 pCill

Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01 Jan-02 Jan-03
Date

——Ore Zone MW PR-15 —&—Ore Zone MWIJ-13 —&—Ore Zone MWPR-8 —J— Ore Zone MWIJ-25
——Ore Zone MWIJ-28 —=@—Ore Zone MWIJ-45 =— = Baseline (RTV)




US NRC ISR Restoration: Stability and Long Term
T\ omven e xamcaare comesmes Monitoring Trend Analysis

Protecting Prople awd the Frxirconmet

GW Sweep and Treatment  GW Stability Monitoring  GW Long Term Monitoring
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US NRC ISR Restoration: Stability and Long Term
PP o e e Monitoring Trend Analysis

Protecting Prople awd the Frxirconmet

GW Sweep and Treatment GW Stability Monitoring GW Long Term Monitoring
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US NRC ISR Restoration: Stability and Long Term

1, e e Monitoring Trend Analysis

Protecting Prople awd the Frxirconmet

GW Sweep and Treatment GW Stability Monitoring GW Long Term Monitoring
> <
Total PVs treated=50.7 (208 mgal)

TREND - no trend
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Protcting Poople i h Fosinoument Emerging Issues

f’) US NRC Lessons Learned: ISR Hydrogeology

Evaluation of consumptive water use
Evaluation of interaction with nearby ISR operations
New lixiviants (different chemistry to avoid oxidation and mobilization of metals)

ACLs —requires license amendment and review under Criterion 5B(6) ( requires
several hazard /risk assessments and long term monitoring of “point of exposure”
wells)

Geochemical modeling ( provides lines of evidence to support ACLS)

Restoration by natural attenuation ( monitor numerous parameters in perpetuity to
show natural processes and reducing environments prevents contamination of
USDW )




f’) US NRC Hydrogeology Lesgons Learned:

Tl FIATES FINLEAR KEGULATYMY (TASAEDS CO n C I U S I O n S
mefhﬁ‘wﬂ

*Site Characterization
*Geology
*Existing Private Wells and CBM)/oil/gas/injection wells
*Aquifers /Aquitards
*Aquifer Tests
*Pre-op Water Quality
*Operations
*Thin or discontinuous aquitards
eInward gradient (unconfined or confined aquifer)
*Extraction rate limitations (unconfined or confined aquifer)
*Monitoring well locations and excursion detection and correction
*Free gas evolution / two phase flow / “gas lock”
*Wellfield Hydrologic Test Data Packages
*Analytical and Numerical Modeling
*Restoration
*Baseline Water Quality/Restoration Standards
*Pore Volumes/Flare
*Wellfield sweep in unconfined aquifer
*Waste water disposal capacity
eLong term excursion restoration
«Stability Monitoring Trend Analysis
*Emerging Issues
Consumptive water use
eInteraction with near ISR operations
*New lixiviants
*ACLs
*Geochemical Modeling
*Natural Attenuation




}”) USNRC Resources

REGUILATORY CTRIMESEN
Wﬁﬂ!ﬁ o Freviroonsment

William Walton, “Groundwater Pumping Tests: Design and
Analysis”

Michael Kasenow, “ Aquifer Test Data: Analysis and
Evaluation”

EPA-530-R-09-007, " Statistical Analysis of Groundwater

Monitoring Data at RCRA Facilities: Unified Guidance,” March
2009
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TRITER FISTES FNILEAR RECYILATINIY DTMIMESm

Table 1. Restoration Phase and Stability Sampling Summary for Irigaray MUs 1-9

Description of Restoration Phases and Stability
Monitoring for NRC Approved Restorations

Ground
Ground Water |Water Total
Ground Water |Ground Water |Treatment Treatment |Recirculation [Recirculation |Restoration |Stabilization |Stability
ISR Wellfields [One PV Sweep Period |Sweep PVs Period PVs Period PVs PVs Period Samples
Cogema May 1990- Apr. 1991- Nov. 1992-
Irigaray Units1-3 [11.7mg |Apr. 1991 4.2] Nov. 1992 13.2|Oct.-Nov. 1992 1.000 18.4] Sept. 1993 4
June 1991
-Aug. 1993;
Cogema April 1995- 3.0;5|Oct. 1995 Aug.-Sept. Sept. 1998-
Iigaray |Units4-5 [105mg |Oct.1995 0.4]-Aug. 1998 9.5/1998 1.000 13.9|June 1999 4
Cogema Jan. 1996- July 2000- Nov. 2001-
Irigaray |Unit 6 13 mg August 1998 1.4{Oct. 2001 7.1{0Oct.-Nov 2001 1.000 9.5] Aug. 2002 4
Cogema Apr. 1995- Feb. 2000-July Aug. 2001-
Irigaray |Unit 7 13.3mg Sept. 1997 1.6(2001 11.7|{July-Aug. 2001 1.000 14.3|June 2002 4
Cogema Apr. 1995 March 1999- Aug. 2000-
Irigaray  |Unit 8 4.5 mg Sept. 1997 1.4|June 2001 10.2|Jul-Aug. 2000 0.900 12.5June 2001 4
Cogema Apr. 1995- Nov. 1998- May 2000-
Irigaray  |Unit 9 9.4 mg Sept. 1997 1.7} Apr..2000 10.7|Apr.-May 2000 0.500 13 Jan. 2001 4
Table 2. Restoration Phase and Stability Sampling Summary for Crow Butte Resources MU 1
Ground
Water Ground (Ground Ground
Transfer/ Water Water Water Reductant/ Reductant/ Total Confirmatory
Well Sweep Sweep Treatment |Treatment |Recirculation JRecirculation |Restoration |[Stabilization |[Stability [Sampling Confirmatory
ISR |field |One PV |Period PVs Period PVs Period PVs PVs Period Samples |Period Samples
Apr. 1994- Oct. 1995- Aug. 1998 Feb. 1999- July 2002-
CBR |MU1 [17.2mg [|July 1997 1.08[July 1998 6.02|- Feb. 1999 2.85 9.95|Aug. 1999 6|Sept. 2002 4
Table 3. Restoration Phase and Stability Sampling Summary for Smith Ranch Highlands Uranium Project MU A
Ground Ground
Ground Water |Water Ground Water |Water Ground Water |Ground Water |Total Long Term Long
Well Sweep Sweep Treatment Treatment |Recirculation Recirculation |Rest. |[Stabilization |Stability |Monitoring Term
ISR Field |One PV |Period PVs Period PVs Period PVs PVs Period Samples |Period Samples
July 1991 June 1994 June 1994 Feb. 1999- July 2002-
SR-HUP [MUA [4.1 mg |- June 1994 3.2|-Nov. 1997 30[-Nov. 1997 5 50.7|Oct. 1999 3|May 2009 6




